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I. Introduction
Due to the growing attention elicited by the impacts of climate change on agriculture, an increasing number of studies have attempted to investigate these impacts. A number of studies suggest that temperature will increase by 1.5°C to 5.0°C within the 21st century (Darwin et al. 1995) . The China National Climate Center (CNCC 2009) projects that the People's Republic of China's (PRC) temperature will rise by less than 2.5°C by the end of the 21st century. Various studies generally concluded that global warming will alter the regional patterns of production and productivity (Darwin et al. 1995, Rosenzweig and Parry 1994) . In the PRC, discussions focus on the impacts of climate change on agriculture, in general, and on the country's grain production, in particular. Despite the growing interests in the impacts of climate changes on PRC's grain production, different studies have produced different findings and conclusions, due to different models and data used. Some studies indicate that global warming will decrease the country's grain production, while others argue that the impacts are positive. For example, Wang et al. (2009) find that global warming is harmful to rainfed farms but beneficial to irrigated farms. The magnitudes of the impacts also differ across studies. As another example, Harasawa et al. (2003) report that climate change will decrease the PRC's rice production by 0.25%, wheat by 3.97%, and other grains by 1.39%. Tsigas et al. (1997) suggest that climate change will lead to a 3% increase in the country's crop production with carbon dioxide (CO 2 ) fertilization and a decrease by 17% if without CO 2 fertilization. Kane et al. (1992) report that climate changes will result in a reduction in the PRC's crop production by 10%-20%. Zhai et al. (2009) find that the PRC's rice output will fall by 0.5%, wheat will increase by 4.2%, and other grains will fall by 0.5%. 1 Previous studies are limited in terms of methodology or data, which may have contributed to the wide range of results: (i) most of these studies do not disaggregate the PRC into regions and ignore the substantial regional differences; (ii) most of these studies do not disaggregate the PRC's crop sector into different crops and ignore the significant differences among crops; (iii) some studies such as Wang et al. (2009) , while addressing the regional and crop differences, use the Ricardian model that involves restrictive assumptions such as perfectly competitive land market; 2 and (iv) the agricultural production and socioeconomic data required for impact studies are difficult to obtainonly a few studies (see Liu et al. 2004 , Wang et al. 2009 ) were able to obtain a large national data set, but dated about 10 years back. While ignoring regional and crop differences prevents us from understanding the real impacts of climate change on the PRC's grain production, using models with unrealistic underlying assumptions and dated data sets would mislead us from translating research findings into effective policies.
In this paper, we aim to address the above limitations by highlighting regional differences and crop varieties using the most recent nationwide rural household survey data available for the years 2003, 2005, and 2008 , which contains over 9,000 household information. We focus on four major grain crops-wheat, rice, corn, and soybean-which all together account for 93% of the PRC's grain output (National Bureau of Statistics of China 2010). Regressions were conducted to yield marginal impacts of climate change on different grain crops in different regions. In contrast to the current literature using the Ricardian approach that involves perfect competitive land market assumption (which is obviously not the case in rural areas of the PRC), we stick to the traditional production function approach in investigating the impacts of climate change. Such approach does not depend on the assumption of perfect competitive land markets.
The rest of the paper is structured as follows. Section II reviews the literature and Section III describes the methodologies and variables used to capture the impacts of climate changes on the PRC's grain output. In Section IV, we describe the data, and in Section V we present the empirical results. Further discussions using results from the econometric regression are provided in Section VI. Section VII summarizes the conclusions and policy implications.
II. Literature Review
There is a growing literature on the impacts of climate change on the agriculture sector (Parry et al. 2004 , Cline 2007 . Since the end of the last century, the focus of the research has increasingly focused on the developing countries (Mendelsohn and Dinar 1999) . In recent years, studies focusing on the agricultural impacts of climate change in the PRC are emerging (see, for example, Fischer et al. 2001 Fischer et al. , 2002 Fischer et al. , 2005 Parry et al. 2004; Cline 2007; Zhai et al. 2009; Wang et al. 2009 ). However, despite these efforts, uncertainties and even controversies remain regarding analytical approaches and results related to the impacts of climate changes on the PRC's agriculture.
Broadly speaking, there are four basic approaches that are commonly used in assessing the agricultural impacts of climate change: crop simulation models, agroeconomic zone (AEZ) models, Ricardian models, and general equilibrium models. Zhai et al. (2009) provide a discussion on the advantages and disadvantages of these models. Crop simulation models draw on controlled experiments where crops are grown in field or laboratory settings that simulate different climates and levels of CO 2 in order to estimate yield responses of a specific crop variety to certain climates and other variables. The estimates of these models do not include the effects of farmer adaptation to changing climate conditions. Consequently, their results tend to overstate the damages of climate change to agricultural production (Mendelsohn and Dinar 1999) . These studies typically focus on only a few types of grain crops such as rice, maize, and wheat. General findings of crop simulation models suggest that crop yields will decrease with increases in temperature and declines in rainfall.
One recent example of crop simulation modeling studies for the PRC is Tao et al. (2008) , who assessed how rice production and water use would change with increasing global mean temperature (GMT) under various emission scenarios and projected regional climate changes. Their results show that a change in GMT will result in a wide range of climate changes across regions. Another recent study to apply the crop simulation model is Wu et al. (2006) , who attempted to quantify the production potential of winter wheat in the northern plain by taking into account climate change. The study demonstrated that low rainfall is a constraint for winter wheat in the northern part of the plain, while low radiation and high temperature restrict crop growth in the southern part.
The second approach, AEZ analysis, assigns particular crops to certain agroecological zones, and then estimates yields for the different zones. Unlike crop simulation models, AEZ analysis incorporates land management decisions and captures the changes in agroclimatic resources (Darwin et al. 1995 , Fischer et al. 2005 . AEZ analysis categorizes existing lands by agroecological zones, which differ in the length of growing period and climate. The length of the growing period is defined based on temperature, precipitation, soil characteristics, and topography. The changes of the distribution of the crop zones along with climate change are tracked in AEZ models. Cline (2007) observed that AEZ studies tend to attribute excessive benefits to the warming of cold high-latitude regions, thereby overstating global gains from climate change. Albersen et al. (2000 and assessed agricultural production in the PRC using the AEZ model. Albersen et al. (2000) argued that agricultural production in the northern PRC is constrained by water supply, and that improving water supply would increase yields to their potential levels. Similarly, Albersen et al. (2002) claimed that irrigated land tends to be more productive than rainfed farms. Furthermore, their results revealed the scarcity of irrigated land, labor, and other inputs. The outputs of major crops such as rice, wheat, and maize are generally similar across regions and difference is only due to geographical conditions where the specific crop is best suited.
The Ricardian cross-sectional approach explores the relationship between agricultural capacity (measured by land value) and climate variables (usually temperature and precipitation) on the basis of statistical estimates from farm survey or country-level data. This approach automatically incorporates efficient climate change adaptation by farmers. Both crop simulation and AEZ models do not take into account economic considerations and human capital limitations, which are important factors for a farmer's decision (Mendelsohn and Dinar 1999) . The Ricardian approach has an advantage over the other two approaches in that it can incorporate farmers' adaptations in response to climate change (Mendelsohn and Dinar 1999) . The Ricardian approach assumes that each farmer has profit maximization characteristics subject to exogenous conditions to their farms (Wang et al. 2009 ). The major criticisms of the Ricardian approach are that it does not account for price changes and that it fails to fully control for the impact of other variables that affect farm incomes Dinar 1999, Cline 1996) .
Although the Ricardian approach is widely used to assess agricultural impacts of climate change, the number of such studies for the PRC is limited. To the best of our knowledge, the first Ricardian analysis for the PRC was carried out by Liu et al. (2004) , who provided regionally detailed estimates of impacts of climate change on agriculture in the PRC. The authors concluded that increases in both temperature and precipitation would have a positive impact on agriculture in the PRC, with variations across regions and seasons. One possible reason that the Ricardian approach is not widely used in the PRC context is that the approach relies on a restrictive assumption of competitive land market, which is clearly not true in the PRC today (see Zhang 2010 for a discussion).
The last approach is general equilibrium models. Unlike the previous three approaches that only study the agriculture sector alone (i.e., "partial equilibrium models"), the general equilibrium models incorporate the interactions between different sectors. The argument is that climate change may affect the agriculture sector either directly or indirectly through interactions between different sectors (Zhai et al. 2009 ). Oftentimes the general equilibrium models are used in conjunction with the partial equilibrium models, with the latter examining the direct impacts and the former providing a framework to track interactions among sectors through trades, price changes, input factor substitution, and other factors.
As far as the analytical results are concerned, there is a wide range of impact estimates of climate change on the PRC's agriculture. Many of these estimates are different and some are of opposite signs, partly attributable to different models and data sets used in the studies. Four out of five AEZ models, for example, predict increases in cereal production potential in the range of 5%-23% (Fischer et al. 2005) . This is consistent with Cline (2007) who observed that AEZ studies tend to attribute excessive benefits to the warming of cold high-latitude regions, thereby overstating the impacts. Studies using Ricardian approaches seem to produce more modest results for the PRC. However, even studies using the same approaches do not produce consistent results. For example, using the Ricardian approaches, Liu et al. (2004) found that warming would have a positive impact on agricultural production, while Wang et al. (2009) show the opposite. The latter results suggest that a 1°C increase in temperature would reduce farm revenues per hectare by US$10. We suspect this has to do with the data used. Liu et al. (2004 Liu et al. ( ) used 1985 Liu et al. ( -1991 In this paper, we use a production function to investigate the responses of grain output to climate variables as well as other traditional input variables. The use of the production function approach allows us to do away with the competitive land market assumption as required in the Ricardian approach. Our results suggest that the impacts of climate change significantly differ among regions and crops. These in turn imply substantial changes in interregional trade flows, which we will analyze using a computable general equilibrium model in another paper (Lin et al. 2011) .
III. Methodology
We will use interaction terms of climate variables and regional dummies to capture the regional differences of climate change impact on grain crops. For this purpose, we group the PRC's provinces into seven regions, namely, Northeast (including Heilonjiang, Jilin, and Liaoning); North (including Beijing, Tianjin, Hebei, Shandong, Inner Mongolia); East (including Jiangsu, Shanghai, and Zhejiang); South (including Fujian, Guangdong, and Hainan); Central (including Shanxi, Henan, Anhui, Hubei, Hunan, and Jiangxi); Northwest (including Shannxi, Ningxia, Gansu, Qinghai, and Xinjiang); and Southwest (including Sichuan, Chongqing, Guangxi, Yunnan, Guizhou, and Tibet).
In our production function model, the dependent variable is rural household output (rice, wheat corn, and soybean). Climate variables include seasonal mean temperature, annual accumulated precipitation, and annual accumulated sunshine hours. We also introduced squared climate variables into the model to capture possible nonlinear impacts of climate variables. Other independent variables include sown area, labor, fixed production assets, water resources, other inputs, household head characteristics, community characteristics, regional dummies, interaction terms of climate variables, and regional dummies. 
IV. Data
Rural household survey data for 2003, 2005, and 2008 are used. These surveys were conducted by the Research Center for the Rural Economy at the Ministry of Agriculture. These surveys include information on rural villages and rural households. The village questionnaire includes information on location, terrain, economy indicators, and other village variables. The rural household survey covers information on family members, land, fixed assets, crop production (inputs and outputs), livestock production, consumption, income and expenditure, housing, etc. Our data set covers over 9,000 rural households from each survey year. The number of observations used in the wheat model is 6,707; rice model 7,418; corn 10,264; and soybean 4,995.
Climate variables, which are obtained from the National Metrological Information Center, include seasonal mean temperature, annual accumulated precipitation, and annual accumulated sunshine days. We match the climate data to rural households.
The descriptive statistics are reported in Table 1 . 
V. Regression Results and Elasticities Associated with Climate Variables
The regression results of the impacts of climate change on grain crops production are provided in Table 2 . They suggest that all the three climate variables-temperature, rainfall, and sunshine-have significant impacts on wheat, rice, corn, and soybean output. Moreover, the climate variables squared are also significant in regressions which, in turn, indicate that climate change impacts grain output nonlinearly.
The significance of interaction terms of climate variables and regional dummies indicates that climate change impacts crops output differently in different regions. The impacts of climate change on grain output also differ among different crops. Clearly, models assuming the PRC as a single region (as in the GTAP model) or using total grain as a single commodity (as in some econometric models) may have produced biased estimates, yielding incorrect impact assessment and misleading policy recommendations.
The significance of irrigation variables indicates that improving water irrigation systems could increase the output of wheat, rice, and soybean. More specifically, a CNY1 increase in irrigation could increase wheat output by 0.643 kilograms (kg), rice by 2.926 kg, and soybean by 1.286kg. The output elasticities associated with wheat, rice, and soybean are 0.03, 0.09, and 0.01 respectively, measured at the mean value of variables. The elasticities of climate change with respect to grain outputs by crops, regions, and seasons can also be obtained. Since the climate variables enter into production functions nonlinearly, their elasticities are evaluated at the regional mean values of relevant variables. The regional elasticities can be added up using regional output shares in national grain output as weights, giving rise to the weighted elasticity for each crop at the national level. The higher the weighted elasticity, the larger the impacts of climate change on national output. The regional shares are calculated with data from the NBSC (2010). The elasticities associated with climate change for the different grain crops across different regions during different seasons are reported in Table 3 . Note: National elasticities are calculated using regional mean, and overall PRC impacts are weighted by regional share. Source: Authors' regression results.
A. Elasticities Associated with Climate Variables in Wheat Production

Temperature
The elasticity of wheat output with respect to temperature changes is -0.76 at the national level, and ranges from -7.20 to 2.15 across different regions.
Climate warming in East PRC and Southwest PRC is calculated to have larger negative impacts on the country's wheat production, with associated elasticities of -7.20 in East PRC and -6.93 in Southwest PRC. These two regions produce approximately 9% and 6% of the country's wheat, respectively. The weighted elasticities for these two regions are Impacts of Climate Change on the People's Republic of China's Grain Output-Regional and Crop Perspective | 13 -0.66 and -0.43, respectively, indicating that the negative impacts of climate warming on the PRC's overall wheat production come from these two regions.
With a small elasticity of -0.02, climate warming in Northwest PRC will also have negative impacts on wheat production. This region produces 10% of the PRC's wheat, so climate warming impacts in this region will have almost no effect on the country's overall wheat production.
Wheat production in Northeast, North, South, and Central PRC will benefit from climate warming. Northeast PRC and South PRC are the two regions that will benefit largely from climate warming, with elasticities of 2.01 and 2.15, respectively. These two regions, however, only produce around 1% of the country's wheat, hence the weighted national elasticities for these two regions are very small. As such, the impacts of climate warming on wheat production in these two regions will not affect the PRC's overall wheat production.
Collectively producing 74% of the PRC's wheat, North PRC and Central PRC are the country's major wheat-producing regions. The weighted elasticities associated with these two regions are 0.25 and 0.08, respectively. These two regions will help reduce the overall negative impacts of climate warming on the PRC's wheat production.
Precipitation
As expected, increase in precipitation will benefit the PRC's wheat production. The national elasticity of wheat output with respect to precipitation is 0.66, which means that a 1% increase in precipitation will increase the country's wheat production by 0.66%.
South PRC and North PRC are the two regions that will benefit the most from increases in precipitation. The regional elasticities associated with these two regions are 4.92 and 1.85, respectively. South PRC only produces less than 0.5% of the country's wheat, so precipitation changes occurring in this region will have almost no impact on the PRC's overall wheat production. North PRC, on the other hand, produces 31% of the country's wheat, and its weighted elasticity reached 0.58. This means that North PRC accounts for 90% of precipitation impacts on the country's overall wheat production.
Wheat production in Central PRC will also benefit from increases in precipitation. Its regional elasticity is 0.38. This region produces 43% of the PRC's wheat, so the weighted national elasticity is 0.16. Central PRC is thus ranked second, after North PRC, among the regions that will contribute to wheat production increase due to precipitation increases.
Northeast and Southwest PRC will also benefit from increases in precipitation. However, wheat production in East PRC and Northwest PRC will decrease once precipitation
increases. Yet, the impacts of precipitation changes in these four regions will only have very small impacts on the PRC's overall wheat production.
Sunshine Hours
Increases in duration of sunshine will have negative impacts on the country's wheat production. The elasticity of wheat output with respect to duration of sunshine is -0.38, which means that a 1% increase of duration of sunshine will result in 0.38% decrease in wheat production.
Given a 1% increase of sunshine hours, regional wheat output will decrease by 5.02% in East PRC, 2.04% in Northwest PRC, and 1.1% in Southwest PRC. But regional wheat output in Northeast, North, South, and Central PRC will increase, with regional elasticities of 6.01, 0.07, 0.32, and 0.66, respectively.
The negative impacts of an increase in the duration of sunshine on the PRC's overall wheat production predominantly originate from East and Northwest PRC, while the positive impacts mainly come from Central PRC.
B. Elasticities Associated with Climate Variables in Rice Production
Temperature
Temperature changes will have much larger impacts on the PRC's rice production than on wheat production. The elasticity of rice output with respect to temperature changes reaches -2.61, or three times that of wheat.
Rice production in East PRC is relatively sensitive to temperature changes, with elasticity reaching -16.95. This region produces only 13% of the country's rice, yet its weighted elasticity still reaches -2.26. This region accounts for a dominant share of the negative impacts of temperature changes on the PRC's overall rice production.
Northeast and Southwest PRC rank second and third, respectively, in their contribution to reduction in the country's rice production as a result of rising temperature. Their regional elasticities are -4.07 and -0.87, respectively, and their associated weighted elasticities are -0.53 and -0.19, respectively.
Nonetheless, not all regions are adversely affected by temperature changes, as rice production in North, South, Central, and Northwest PRC will benefit from climate warming.
Precipitation
Generally, increases in precipitation will negatively affect the PRC's rice production, with calculated elasticity of -1.72. Most of the negative impacts come from East and Northeast PRC. North and Southwest PRC will also suffer from increases in precipitation, but the impacts are relatively small.
Rice production in South, Central, and Northwest PRC will increase with rising precipitation, but their overall impacts on the country's rice production are somewhat insignificant.
Sunshine Hours
Increases in the duration of sunshine will help increase the PRC's rice production. The elasticity of rice output with respect to the duration of sunshine is 0.59, which means that a 1% increase of sunshine duration will increase the country's rice output by 0.59%.
Northeast PRC will see the largest percentage increase in rice production when the duration of sunshine increases. The regional elasticity is 6.47, and its weighted elasticity is 0.84. Rice output in Northwest PRC will also increase when the duration of sunshine increases, with regional elasticity of 4.49. But this region's transmitted impacts to the PRC's overall rice production are small. South and Southwest PRC will also benefit from rising duration of sunshine, while North, East, and Central PRC will suffer, although their combined impacts are small.
C. Elasticities Associated with Climate Variables in Corn Production
Temperature
Corn production in the PRC will generally benefit from climate warming. The elasticity of corn output with respect to temperature changes is 3.14, indicating that a 1% change in temperature will result in a 3.14% increase in the country's corn output.
Central PRC, producing 18% of the country's corn, will benefit the most from rising temperature. The elasticity associated with this region is 18.96, and its weighted elasticity is 3.49.
Corn production in North PRC, the major corn-producing region accounting for 30% of the PRC's corn output, will also increase when temperature rises. The regional elasticity is 1.84, and its weighted elasticity is 0.55. Northwest PRC (producing 8% of the PRC's corn) also has a weighted elasticity of 0.53.
The impacts of climate warming on corn production in Northeast PRC (producing 29% of the PRC's corn) are quite small, with a regional elasticity of 0.04 and weighted elasticity of 0.01.
Conversely, corn output in East, South, and Southwest PRC will decline substantially when temperature rises. Elasticities of corn output with respect to temperature for these three regions are -8.57, -32.45, and -9.28, respectively. Both East and South PRC, however, produce only 1% of the country's corn, and their impacts on the country's overall corn output are small. Southwest PRC, though, produces 12% of the PRC's corn, and its weighted elasticity is estimated at -1.16.
Precipitation
Increases in precipitation will generally favor the PRC's corn production, with a calculated elasticity of 1. Regions that will benefit from increases in precipitation include Northeast, North, South, and Southwest PRC. Among these four regions, North PRC has the largest weighted elasticity at 1.64.
Rising temperatures will have negative impacts on corn production in East, Central, and Northwest PRC. The regional elasticities associated with these regions range from -1.76 to -45.82, but their weighted elasticities range from -0.32 to -0.63.
Sunshine Hours
Increases in duration of sunshine will generally decrease the PRC's corn production. The elasticity of corn output with respect to the duration of sunshine is -0.60. Corn production in only two regions, East PRC and Northwest PRC, will benefit from rising duration of sunshine, but their weighted elasticities are only 0.15 and 0.12, respectively. Corn production of the other five regions will suffer from rising duration of sunshine. The weighted elasticities associated with these five regions are also relatively small and range from -0.01 to 0.45.
D. Elasticities Associated with Climate Variables in Soybean Production
Temperature
Soybean production in the PRC will be negatively affected by climate warming. The elasticity of soybean output with respect to temperature is -0.79.
Soybean production in East PRC and Southwest PRC, respectively accounting for 7% and 12% of the PRC's soybean production, is relatively sensitive to climate warming, with elasticities of -18.52 and -8.07, respectively. These two regions have relatively large negative impacts on the country's overall soybean output, and their weighted elasticities are -1.21 and -1.33, respectively. Northwest PRC will have relatively small negative impacts on the PRC's overall soybean output, with a weighted elasticity -0.01.
Soybean production in the two major soybean-producing regions-Northeast PRC and Central PRC, producing 33% and 21% of the country's soybean output, respectively-will benefit from climate warming. Regional elasticities associated with Northeast PRC and Central PRC are 0.99 and 5.47, respectively, and their corresponding weighted elasticities are 0.33 and 1.54, respectively.
Soybean production in North PRC and South PRC will also benefit from rising temperatures. The weighted elasticity associated with these two regions is 0.14, which means that climate warming in these regions will have small impacts on the country's overall soybean output.
Precipitation
The PRC's soybean production will generally benefit from increases in precipitation, with an elasticity of 0.70.
Northeast PRC will have a relatively larger impact on the PRC's overall soybean output when precipitation increases. The weighted elasticity associated with Northeast PRC is 1.17. North PRC and Northwest PRC will also benefit from increases in precipitation, and the weighted elasticities associated with these two regions are 0.50 and 0.21, respectively.
Regions that will suffer from increases in precipitation include East, South, Central, and Southwest PRC. Soybean production in East PRC is relatively sensitive to precipitation changes with an elasticity of -12.82, and this region also has a relatively large negative impact on the PRC's overall soybean output when precipitation rises. The other three regions have relatively small negative impacts on the country's soybean output if precipitation increases, and the associated weighted elasticities are -0.09 for South PRC, -0.21 for Central PRC, and -0.04 for Southwest PRC.
Sunshine Hours
Increases in duration of sunshine will generally reduce the PRC's soybean output. The elasticity of soybean output to duration of sunshine is -0.37. Soybean production in only two regions, Central PRC and Northwest PRC, will benefit from increases in sunshine hours. Their impacts on the country's soybean output, however, are small. All the other five regions will see declines in soybean output when duration of sunshine increases. Northeast PRC will have relatively larger negative impacts on the PRC's overall soybean output when duration of sunshine increases. The elasticity associated with Northwest PRC is -0.50, and -0.22 for North PRC, -0.02 for East PRC, -0.01 for South PRC, and -0.02 for Southwest PRC.
VI. Simulation Results
Using the estimated elasticities, data on sunshine from Ding et al. (2006) , and temperature and precipitation data from the China National Climate Center (CNCC 2009), we can simulate the impacts of climate change on the PRC's grain output under three scenarios, namely, A2, B1, and A1B emission scenarios. 4 The simulation is based on a model provided by CNCC and results for both 2030 and 2050 are reported in In the following analysis, we will focus on the simulation results of climate change under A2 scenario.
A. Predicted Impacts in 2030
The PRC's grain output will decrease by 0.31%, 0.32%, and 2.69% under A2, B1, and A1B emission scenarios, respectively. The simulation results indicate that the impacts of climate change substantially vary among regions and crops. Climate impacts on the PRC's grain output under A2 and B1 scenarios are similar. The following explanations are based on the simulations results under A2 scenario.
Under A2 emission scenario, grain production in North, South, Central, and Northwest PRC will generally benefit from climate change. Climate change in Central and North PRC will increase the country's grain output by 5.06% and 4.8%, respectively. The PRC's grain output will also increase as a result of climate change in Northwest PRC and South PRC by 0.89% and 0.26%, respectively. However, the country's grain output will fall by 6.43% from climate change in East PRC, 2.58% in Northwest PRC, and 2.30% in Southwest PRC.
Under A2 emission scenario, the PRC's output of wheat will increase by 0.55%. Climate change in East and Southwest PRC, however, will lead to reductions in the PRC's wheat production by 1.95% and 1.59%, respectively. But climate change in North PRC is projected to increase the country's wheat output by 3.71%. The impacts of climate change in the other three regions have small positive impacts on the country's wheat production, ranging from 0.003% to 0.23%.
The PRC's rice output will, on average, fall by 19.65%. Climate change in East PRC and Northeast PRC will decrease the country's rice output by 11.72% and 9.15%, respectively. Climate change in Southwest PRC will also result in a 1.32% decrease in the PRC's rice output. Again, climate change in North, South, Central, and Northwest PRC will increase the country's rice output by 1.02%, 0.53%, 0.81%, and 0.17%, respectively.
The PRC will see an increase of 23.31% in corn production under the A2 emission scenario. The most significant increase is from Central PRC (14.27%) and North PRC (10.70%). Climate change in East PRC and Southwest PRC will lead to a decrease in the PRC's corn output by 2.55% and 3.66%, respectively.
The country's soybean output will increase by 5.17% under A2 emission scenario. Climate change in Northeast PRC will increase the PRC's soybean output by 10.51%, in North PRC by 3.30%, and in Central PRC by 3.53%. Climate change in East and Southwest PRC will, however, decrease the PRC's soybean output by 7.56% and 4.90%, respectively.
Under A1B emission scenario, the negative impacts of climate change on the PRC's grain output are larger than those under the other two scenarios. The output of wheat and rice will decrease by 1.98% and 24.26%, respectively, while the output of corn and soybean will increase by 24.27% and 0.48%, respectively.
B. Predicted Impacts in 2050
The PRC's grain output will fall by 3.09% under the A2 emission scenario. Under the A2 emission scenario, climate change in East, Northeast, and Southwest PRC will decrease the country's grain output by 14.51%, 4.68%, and 4.87%, respectively. Climate changes in Central and North PRC will respectively result in 10.74% and 8.49% increase in the PRC's grain output.
The country's rice output will fall by 41.55%. A decline of 26.52% and 16.89% will be due to climate change in East PRC and Northeast PRC, respectively. Wheat output will also decrease by 1.01%. Climate change in East PRC and South PRC will decrease the PRC's wheat output by 4.91% and 3.38%, respectively, while climate change in North PRC will increase wheat output by 6.51%.
Climate change will positively impact on both corn and soybean output. Corn output will increase by 43.83%, and the most significant increases will be from Central PRC and North PRC. Northeast PRC and Northwest PRC will likewise contribute to the PRC's corn output increase. However, climate change in East PRC and Southwest PRC will decrease the country's corn output by 5.30% and 7.85%, respectively. Furthermore, the PRC's soybean output will increase by 6.48%. Soybean production in Northeast, Central, and North PRC will benefit from climate change, resulting in increases in the country's soybean output by 19.55%, 7.64%, and 5.99%, respectively. Climate change in East PRC and Southwest PRC will decrease the PRC's soybean output by 17.00% and 10.39%, respectively.
Climate change will decrease the PRC's grain output by 1.93% under B1 emission scenario and by 3.07% under A1B emission scenario. 
VII. Concluding Remarks
In this paper, we investigate the impacts of climate change on the PRC's grain output using rural household survey data. We highlight the regional differences of climate change impacts on different grain crops. Econometric models were estimated to obtain elasticities (with respect to climate change) associated with different grain crops across different regions. Our results indicate that the overall negative climate change impacts on the PRC's grain output range from -0.31% to -2.69% in 2030 and from -1.93% to -3.07% in 2050 under different emission scenarios. However, climate change has substantially varying impacts on different grain crops in different regions.
Rice output will decrease by 15.62%-24.26% in 2030 and 25.95%-45.09% in 2050. Corn output will increase by 18.59%-24.27% in 2030 and 32.77%-49.58% in 2050. The positive impacts of climate change on soybean output range from 0.48% to 5.53% in 2030, and from 3.96% to 6.48% in 2050. The impacts on wheat output are relatively small.
Climate change in North PRC will lead to an increase in the country's grain output by 2.85%-4.80% in 2030 and 5.30%-8.49% in 2050. Climate change in Central PRC will increase the PRC's grain output by 3.53%-4.97% in 2030 and 8.91%-13.43% in 2050. The country's grain output in 2030 is predicted to decrease by 4.10%-8.58% as a result of climate change in East PRC, by 2.29%-4.05% in Southwest PRC, and 2.58%-2.66% in Northeast PRC. The impacts of climate change in South PRC and Northwest PRC have small positive effects on the PRC's grain output.
The national and provincial governments, therefore, need to fight the adverse impacts of climate change in heavily affected regions and grain crops. Moreover, the substantial regional differences imply further changes in agricultural interregional trade patterns. This will in turn generate demand for changes in transportation arrangements and related infrastructure. If grain transportation, storage, and handling facilities could not be adjusted to meet these changes, agricultural prices may rise sharply in those regions with significant decline in agricultural output and fall sharply in those regions with significant increases in agricultural output. These will have negative impacts on local food security and social welfare, and may very likely affect millions of farmers and consumers' livelihood. Nonagriculture sectors will also be negatively affected since the linkages between agriculture and nonagriculture sectors are becoming much closer.
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